Aims: To determine the relation between sick leave and selected exposure variables among women semiconductor workers. Methods: This was a cross sectional survey of production workers from 18 semiconductor factories. Those selected had to be women, direct production operators up to the level of line leader, and Malaysian citizens. Sick leave and exposure to physical and chemical hazards were determined by self reporting. Three sick leave variables were used; number of sick leave days taken in the past year was the variable of interest in logistic regression models where the effects of age, marital status, work task, work schedule, work section, and duration of work in factory and work section were also explored. Results: Marital status was strongly linked to the taking of sick leave. Age, work schedule, and duration of work in the factory were significant confounders only in certain cases. After adjusting for these confounders, chemical and physical exposures, with the exception of poor ventilation and smelling chemicals, showed no significant relation to the taking of sick leave within the past year. Work section was a good predictor for taking sick leave, as wafer polishing workers faced higher odds of taking sick leave for each of the three cut off points of seven days, three days, and not at all, while parts assembly workers also faced significantly higher odds of taking sick leave. Conclusion: In Malaysia, the wafer fabrication factories only carry out a limited portion of the work processes, in particular, wafer polishing and the processes immediately prior to and following it. This study, in showing higher illness rates for workers in wafer polishing compared to semiconductor assembly, has implications for the governmental policy of encouraging the setting up of wafer fabrication plants with the full range of work processes.
O ccupational health problems of the semiconductor industry are better documented in developed countries compared to developing countries. LaDou 1 has used data in California in the early to mid 1980s to show that work loss due to occupational illness as a percentage of all work loss cases was higher among workers in the electronics industry when compared to the entire manufacturing sector; and also higher among workers in the semiconductor fabrication sector when compared to other sectors in electronics. Occupational exposure to hazardous chemicals has been identified as the primary risk faced by workers. 2 In developing countries, occupational health in the electronics industry has not been researched as systematically as that in developed countries. Nevertheless, there have been studies describing occupational health problems among women electronics workers in developing countries. 3 4 Lin's study 5 comparing women production and clerical workers in the electronics industry in Malaysia and Singapore in 1983 found that production workers were more likely to experience injuries and illnesses and take sick leave, and were also more likely to report specific health complaints. Since Lin's study, which covered a total of 903 women workers, there have been no more studies of a comparable size on the occupational health of women workers in the electronics industry in Malaysia. Specifically, there have been no studies conducted on sickness absence in the semiconductor industry in Malaysia. This is a significant omission considering the importance of sickness absence as an indicator of productivity that is commonly used in human resource planning, not to mention its use as a global measure of illness among the workforce in general. Furthermore, in Malaysia, the electronics industry
Main messages
• Wafer polishing and parts assembly workers face higher odds of taking sick leave within the past year, even after adjusting for age, marital status, work schedule, and duration of working in the factory.
• Semiconductor workers who complain of working in conditions of poor ventilation and of smelling chemicals, face higher odds of taking sick leave within the past year, even after adjusting for age, marital status, work schedule, and duration of working in the factory.
Policy implications
• The Malaysian government should develop a policy on occupational health and safety management systems, as well as guidelines specifically tailored for wafer fabrication factories, the setting up of which it currently encourages. • The Malaysian government should set up a system for collecting routine data such as sick leave, which could be collated and analysed across industries, and used to indicate areas and periods of increased risks. was the leading industry in terms of manufacturing value added and the largest contributor to manufactured exports in 2000, 6 as well as a major employer, and the semiconductor industry is the major subsector within the electronics sector.
Semiconductor production begins with wafer fabrication, followed by semiconductor assembly. Wafer fabrication is a capital intensive process involving sophisticated technology, and is usually carried out in developed countries, where the water and power supply infrastructure is adequate to meet its exacting demands. Semiconductor assembly, on the other hand, involves the use of less sophisticated technology and procedures, but is more labour intensive. Since the 1970s, multinational electronics companies have relocated the production processes downstream from wafer fabrication to offshore sites in developing countries, where labour costs are considerably lower.
In Malaysia, the semiconductor industry is dominated by semiconductor assembly factories. Wafer fabrication is not carried out in its entirety, but there are a few wafer fabrication factories which carry out a specific portion of the wafer fabrication process only, in particular, the wafer polishing part and the parts immediately prior and subsequent to it. Wafers are brought into the country to undergo this part of the process, after which they are sent out of the country for subsequent processing. Wafers used in the semiconductor assembly factories are imported from abroad.
In 1998-2001, a study entitled "Reproductive Health Hazards and its Management in the Manufacturing Sector" was carried out, covering five manufacturing industriesautomobile, steel, batik, textile, and semiconductor. Its aim was to collect baseline data on occupational health of production workers, and health policies and programmes at the workplace; although the focus was on reproductive health hazards. Data from the semiconductor study are used in this paper to determine the relation that exists between occupational exposures and ill health. The sick leave taken by workers is assumed to be generally indicative of ill health. Exposures to physical and chemical hazards are determined by self reporting.
SUBJECTS AND METHODS
The Malaysian Industrial Development Authority (MIDA) list of electronics factories (31 August 1998) was used for selecting the factories. All factories that were classified as semiconductor factories in two geographical clusters were contacted for verification of status, with a final list of 24 eligible factories. The management of these factories were invited to participate in the survey; six declined, resulting in a total of 18 participating factories-that is, a 75% participation rate.
Data collection was carried out from July 1999 to March 2000. In each factory, the researchers were first briefed by the relevant personnel on work processes, hazards, and health and safety precautions taken. The researchers were then taken on a brief walk-through survey of the plant. For the workers' survey, the researcher requested the management to provide a 10% random sample of women workers with the criteria that they must be Malaysian citizens, have worked for one year or more in the present factory, and are direct production line workers up to the level of line leaders only. Factories with fewer than 300 women workers were asked to select at least 30 workers, and those with more than 2000 workers were asked to select only 200 workers. It was emphasised to the management that the selection should be random, and that every work process should be represented.
The selected workers were given time off from production to participate in the survey. The participating workers were asked to fill in a questionnaire in groups, after having been briefed by the researchers. Individual identification was not required in the questionnaire, and the researchers also reassured the workers that their individual identities would not be revealed, and that only aggregate data would be used. The workers took about 45 minutes to an hour to complete the questionnaires.
The instrument used was a structured self administered questionnaire which included questions on sociodemographic factors, work factors, physical working conditions, chemical usage, and sick leave. The outcome indicators for illness were obtained from three questions on sick leave: (1) any health problems that caused absence from work within the past month (yes or no); (2) whether any sick leave was taken for a continuous period of one week or more within the past year (yes or no); and (3) the number of days of sick leave taken within the past year.
Exposure to chemical hazards was measured from two questions: (1) whether chemicals were used by the workers (yes or no); and (2) whether or not there was any smell of any chemicals or dust while working (yes or no). The variables for exposure to physical hazards were a combination of two questions. First, the workers were asked if they felt that they were exposed to various physical hazards (yes or no), and second, whether they felt satisfied with various aspects of their physical working conditions (satisfied, dissatisfied, or not relevant).
Only workers who answered yes to the first question and dissatisfied to the second were considered as being exposed to the particular physical hazard. Other general exposure variables used were the length of employment in the present factory, work section, and the length of time worked there. Age, marital status, work task (as categorised by the level of automation), and work schedule were considered as possible confounders.
Data analysis was carried out using the SPSS (version 10.0) software package. The relations between exposure and outcome variables were tested by t test, χ 2 , and odds ratio. Multivariate analysis was carried out by logistic regression, the models of which included exposure and confounding variables that were found to be significantly related in the bivariate analysis.
RESULTS

Factories and work processes
The 18 participating factories classified under the semiconductor industry consisted of 15 semiconductor assembly factories and three wafer fabrication factories. Seven of the semiconductor assembly factories were large factories with more than 1000 employees each, four were medium sized with between 500 and 1000 employees, and four were small, with fewer than 500 employees. The three wafer fabrication factories were medium sized.
The initial wafer fabrication processes of crystal growing are not carried out in Malaysia. In the three wafer fabrication factories studied, the processes begin with mounting the imported ingots onto rods. These are sliced into wafers, which are then put through various processes-etching, lapping, annealing, grinding, sand blasting-to achieve clean and smooth mirror surfaces. The wafers are then transferred out of the country for photomasking and subsequent processes.
In semiconductor assembly, imported wafers are diced, and the die are then processed, attached, bonded with wires, and tested. This part of the assembly is called the front of line (FOL), and it is carried out in clean rooms. The middle of line (MOL) processes are for encapsulating the exposed die so as to prevent contamination. The encapsulated die go through processes of forming and trimming, soldering, and marking. The end of line (EOL) consists primarily of processes designed to test the chip in various ways, and includes electrical and memory testing, burn-in testing, as well as final visual inspection.
The semiconductor assembly factories in the study as a whole have all the processes from front of line to end of line. The big and medium factories have most of the processes, although some parts of the production may be contracted out to smaller factories. The four small factories only have certain parts of the assembly process, such as two factories which only carry out burn-in testing. A few of the semiconductor assembly factories also have lines carrying out diode assembly and the assembly of final products, but these constitute only a minor part of the production process.
Walk-through survey findings: exposures and working conditions From the walk-through survey, noise was found to be present in all areas, but was particularly a problem in the wafer fabrication factories and the middle of line semiconductor assembly processes. Extreme cold was experienced primarily in the clean rooms where the front of line semiconductor assembly processes took place; but some of the end of line testing areas were also very cold. Heat was found to be a problem primarily in the moulding processes as well as in the burn-in testing areas; while radiation was contained in a few specific areas. Poor ventilation and lighting was noticeable only in very few areas, primarily in the smaller plants.
It was observed that chemicals were widely used throughout the processes, but the level of automation with enclosed work processes was very high. Chemicals were more obviously evident in the wafer fabrication factories and in the middle of line areas, particularly where moulding and plating were carried out. The chemicals that were used in wafer polishing included hydrochloric and hydrofluoric acids, hydrogen peroxide, and ammonia. In the middle of line processes, the chemicals included epoxy resin, mould compound, as well as various acids and alcohols. Isopropyl alcohol (IPA) and acetone were commonly used throughout the entire semiconductor assembly process.
Study population
A total of 968 women workers were in the final sample, of which the majority (90%) were from semiconductor assembly factories (65% from large factories, 16% from medium sized factories, and 9% from small factories), and 10% were from wafer fabrication factories.
The workers who participated in the study were largely Malays (75.8%), and slightly more than half (51.1%) were married. They were fairly well distributed in the three age categories: <25 years (31.3%), 25-34 years (33.9%), and 35-44 years (30.3%), with a mean of 30.5 (7.9) years, and a range of 18-54 years (table 1) . It was a generally well educated group: two thirds (66%) had achieved an upper secondary education or higher; only 0.6% had not had any formal education.
The number of years that the workers had worked in their present factory spanned a wide range (1-31 years), with a mean of 8.9 (7.5) years, and a median of 6.0 years. Close to 50% of the group had worked up to five years only (23.9% for 1-2 years and 25.4% for 2-5 years); a substantial minority (8.8%) had worked for more than 20 years.
The workers were all direct line operators, with 8.1% of them having additional responsibilities as line leaders. The majority (60.6%) worked a rotating eight hour shift; 30.1% worked a rotating 12 hour shift, and 9.3% worked in fixed day shifts. The rotating 12 hour shift is usually combined with a fortnightly work schedule of four days work, three days rest, three days work, and four days rest; both the rotating eight hour and the fixed day shifts function on a six day work week with a fixed rest day on Sunday.
All work processes present in the factories were represented by the sample. A large proportion of the sample (47.6%) was from the end of line processes in semiconductor assembly, many of which were inspection and testing processes. Automation appeared to dominate, with almost half of the workers (49.2%) working in tasks that were fully automated and 14.3% in tasks that were semi-automated. In automated work tasks, workers load units into machines for processing, and then unload them again when the process is done. In between, they usually look after several machines, fixing the settings by computer and checking when warning buzzers go off. In semi-automated work tasks, workers are required to handle units manually in between machine operated processes.
The number of years that workers had worked in their present work section is generally lower than the number of years worked in present factory, with 35.8% having worked for only 1-2 years. Among the large factories, there was one where a section was opened within the past two years only; workers were transferred from within the factory to work in this new section, accounting for the high percentage in the 1-2 year category. The mean age of workers in each of the five work sections did not differ widely, ranging from 30.0 (7.6) to 31.4 (7.8) years (table 2) . The mean number of years worked in the present factory had a wider range, from 7.8 (6.0) in parts assembly to 9.9 (7.8) in wafer polishing. Wafer polishing had more married women workers (63.4%) compared to semiconductor assembly (49.5% each in FOL and MOL, and 50.5% in EOL), while parts assembly had the lowest proportion of married women (45.8%).
Exposure to chemical and physical hazards and sick leave When the workers were asked whether chemicals were used in the work processes they were involved in, 41.8% answered affirmatively and 31.9% said that they smelt the chemicals while working (table 3) . This reflects that the workers were aware that chemicals were used in their work processes even though they might not have been able to detect them by smell.
The physical hazard identified by the highest proportion of workers was noise, followed by cold. While 39.6% said that they were exposed to noise, only 29.1% were exposed as well as dissatisfied with the noisy working conditions. Likewise, there were only 16.0% who were both exposed as well as dissatisfied with the temperature being too cold, although 27.5% had said that they were exposed to low temperatures.
Overall, the prevalence of sick leave within the past month was 17.6%, and the proportion who had taken sick leave for one week or more continuously within the past year was 2.8%, indicating that serious illness or injury of lengthy duration was less frequently experienced. On average, the workers had taken 2.5 (5.4) days of sick leave within the past year; but 49.6% had not taken any sick leave at all. Of the three indicators, the number of sick leave days taken within the past year was considered to be the variable that would be most useful for long term occupational health management planning. As such, further analysis was carried out to identify the exposure variables that are associated with it.
General predictors for number of sick leave days
The number of sick leave days taken within the past year was analysed at three cut off points, these being seven days or less versus more than seven days, three days or less versus more than three days, and one day or more versus not having taken any sick leave. The workers who had taken more than seven days sick leave within the past year were significantly older (p < 0.05), and had worked more years in the factory than those who had taken seven days or less (p < 0.01) (table 4) . Furthermore, those who had taken more than three days sick leave had worked significantly longer in the factory than those who had taken only three days or less (p < 0.05), but although they were also older, this difference was not significant. The mean number of years worked in the current section was not significantly different between those who took more and those who took less sick leave.
Marital status was a significant predictor of sick leave (table 5). Higher proportions of married women were found to have taken more sick leave than single, divorced, or widowed women, whether the cut off was at seven days (p < 0.01), three days (p < 0.001), or one day (p < 0.001). The associations between work section and sick leave were also significant, with consistently higher proportions of wafer polishing workers taking more sick leave than workers in the other work sections (p < 0.05 at the seven day cut off, and p < 0.001 at the three and one day cut offs). The associations between work task and sick leave were not significant, although workers in semi-automated tasks were consistently the highest proportions taking more sick leave, and workers in both semi-automated and manual tasks took more sick leave than workers in automated tasks. The distribution of workers on different work schedules taking sick leave was not consistent over the three cut offs. Nevertheless, the association between work schedule and taking at least one day of sick leave was found to be significant, with workers on the 12 hour rotating shift having the lowest proportion (p < 0.05).
Odds ratios for having taken more sick leave days The three cut off points for the taking of sick leave was further explored for their associations with various exposure variables. In testing the odds of having taken more than seven sick leave days in the past year, it was found to be significantly elevated for wafer polishing workers (odds ratio (OR) 4.11, 95% confidence interval (CI) 1.58 to 10.69), workers who smelt chemicals (OR 1.68, 95% CI 1.03 to 2.74), and those who were exposed to noise (OR 2.07, 95% CI 1.27 to 3.37), poor lighting (OR 3.24, 95% CI 1.05 to 9.95), and poor ventilation (OR 3.05, 95% CI 1.51 to 6.16) (table 6).
Adjusted odds ratios were obtained by logistic regression analysis in a model that included age, number of years worked in factory, marital status, and these significantly associated exposure variables (table 6) . After adjustment, the only variable that remained significantly associated was wafer polishing workers, who had three times higher odds (95% CI 1.11 to 8.09) of having taken more than seven days of sick leave within the past year.
Likewise, the odds of taking more than three sick leave days in the past year was found to be higher for wafer polishing workers even after adjusting (OR 3.27, 95% CI 1.35 to 7.92) (table 7) . Finally, the adjusted odds of having taken any sick leave at all in the past year was found to be significantly higher for workers in wafer polishing (OR 2.49, 95% CI 1.44 to 4.32) and parts assembly (OR 2.23, 95% CI 1.12 to 4.45), and for those exposed to poor ventilation (OR 2.30, 95% CI 1.25 to 4.25) and smelt chemicals (OR 1.64, 95% CI 1.01 to 2.67) (table 8). Adjusted odds ratios were obtained by logistic regression analysis with the covariates that were significantly related to the dependent variable. These were age, marital status, no. of years worked in factory, work section, smell chemicals, noise, poor lighting, and poor ventilation. Adjusted odds ratios were obtained by logistic regression analysis with the covariates that were significantly related to the dependent variable. These were marital status, no. of years worked in factory, work section, use chemicals in work process, smell chemicals, poor lighting, and poor ventilation.
DISCUSSION
Exposure to chemical and physical hazards
Observations from the walk-through surveys only provided a cursory, qualitative assessment of occupational hazards. Nevertheless, they validated the results of the workers' survey in confirming that noise and cold temperature, the exposures reported by the highest proportions of respondents, were indeed the most widespread. Radiation, poor ventilation, and poor lighting, observed only in limited areas, were likewise reported by smaller proportions of the respondents. The proportion saying that chemicals were used by them was surprisingly low, and could be indicative of the large numbers of respondents working at inspection and testing processes. It might also reflect that workers who were monitoring machines in fully automated processes did not consider themselves to be working with chemicals, because in fully automated machines, even though chemicals were used, they were enclosed.
Sick leave
The number of sick leave days taken in the past year is the variable of interest because it is considered to be the most suitable for use in planning and management. Compared to the variable of taking sick leave in the past month, it represents a longer time period and is therefore less subject to short term fluctuations. It is also more suitable than the variable of taking sick leave continuously for more than seven days, which is a measure of severe illness, and is expected to be less frequent among a working population. The number of sick leave days taken in the past year, in measuring the frequency of illness over a long period, would be most suitable for reflecting recurrent but mild illnesses experienced by workers with low level exposures to occupational hazards and pressures, as may be expected in the semiconductor industry.
Nevertheless, using self reported absence data to reflect illness has many inherent problems, including inaccuracies in recall, lack of verification that sick leave taken was indeed caused by illness, different thresholds to taking sick leave, and possible confounding effects of other social, psychological, and work organisational factors that impinge on the taking of sick leave. In this study, one work organisational factor that could affect the taking of sick leave is the use of a disincentive-that is, the attendance allowance that is added to the monthly pay packet if the worker had not taken sick leave in the preceding month. In all the factories studied, workers' basic wages were supplemented by allowances; of the 18 factories in this study, 14 paid an attendance allowance.
Association between exposure and sick leave The interpretation of data on various exposures relating to sick leave is further complicated by the multiple factors that contribute to it. In this study, mean age was significantly higher for workers who had taken more than seven days sick leave; and marital status was found to be a significant confounder for sick leave at each of the three cut offs-seven days, three days, and never taken. Other studies have also shown higher rates of sick leave among older workers, 7 8 and marital status to be a significant confounder for sick leave. 8 The relation between marital status and sick leave should be further investigated as it could be traced to many reasons, such as different social roles and responsibilities, the lack of social and family support, or the lack of social service provision for families.
Duration of work in the factory or in current work section may be considered either as confounders or as crude indicators of exposure to occupational hazards. Although the number of years worked in the factory was found to be a significant confounder among those who had taken more than seven, and three sick leave days, the number of years worked in current work section was not. Nevertheless, it should be noted that working duration itself could be confounded by age.
In general, higher odds for having taken sick leave were seen among workers who face exposures to occupational hazards, as measured by work section and self reported exposures to chemical and physical hazards. Although some of these odds were significantly higher, most were not significant after adjusting for the confounders of age, marital status, and years of working, indicating that self reported exposure to chemical and physical hazards could not independently predict the taking of sick leave. Poor ventilation was an exception, as it was found to be a predictor of having taken sick leave within the past year; but it should be noted that there were only 61 respondents who had been exposed to poor ventilation. Those who reported smelling chemicals also had significantly higher odds of taking sick leave after adjusting for confounders; but the level of significance was marginal. Adjusted odds ratios were obtained by logistic regression analysis with the covariates that were significantly related to the dependent variable. These were marital status, work section, work schedule, use chemicals in work process, smell chemicals, and poor ventilation.
Work section was a good predictor for taking sick leave, as wafer polishing workers faced higher odds of taking sick leave for each of the three cut off points of seven days, three days, and not at all. Parts assembly workers also faced significantly higher odds of taking sick leave at all, but again, there were only 53 respondents who were in parts assembly. One obvious factor to investigate would be the higher exposures to chemical hazards that were observed in wafer fabrication and middle of line semiconductor assembly work processes, which would have a logical consequence in the higher levels of illness seen among wafer polishing workers compared to semiconductor assembly workers. On the other hand, a consistent pattern could not be demonstrated to distinguish among the various work sections in semiconductor assembly. Furthermore, if chemical exposure is to be singled out, one would expect workers in fully automated work tasks to have lower exposures than those in manual or semi-automated tasks, and hence to have less sick leave days. Although this pattern was indeed observed, the relation between sick leave and work task, as reflected by the level of automation, was not found to be significant.
There could be other work organisational factors that account for the differences seen between work sections. Work schedule was investigated, but no consistent pattern was observed for the three sick leave cut offs, although significantly lower proportions of workers on a rotating 12 hour shift were found to take any sick leave at all. This is consistent with other studies, which had found no increase in sickness absenteeism among 12 hour shift workers when compared to eight hour shift workers. 9 10 A review found that if at all, sickness absenteeism decreased for the 12 hour shift system, although it was pointed out that since the 12 hour shift is combined with a compressed work week, this could be the result of an artefact of having fewer work days that a worker could be absent from. 9 Disincentives such as the attendance allowance could also have a differential impact. If the wafer fabrication factories did not pay, or paid lower attendance allowances, this could have contributed to the higher proportions taking sick leave. However, this was not the case, as all three wafer fabrication factories paid an attendance allowance; although in one, it was only 1% of basic starting salary, in the other two, it ranged between 18.9% and 26.3% and between 17.9% and 24.4% of basic starting salary. In comparison, two of the 15 semiconductor assembly factories did not pay the allowance, and in the others that did, the range was between 7.3% and 13.3%, with an outlier of 28%.
The relation between work section and sick leave may reflect other managerial and work organisational factors that were not included in this study. One study among Swedish post workers, for example, found that a high sickness absence was related to features such as the occurrence of bullying at the workplace, workplace with more than 50 people, member of a work team, seldom or never able to discuss with supervisor, and social contacts by active participation in trade union work. 11 Other studies have found sickness absence to be significantly related to psychosocial factors such as lack of influence on own job situation, 12 low job satisfaction, 13 and low levels of decision latitude. 8 This study was also limited in its scope in that it did not include an investigation of the reasons for taking sick leave. Other studies have found the reasons for taking sick leave to include injury, physical illness, as well as mental health problems. 7 14-17 
CONCLUSION
This study has shown that within the semiconductor industry itself, wafer fabrication plants in Malaysia, although without the full range of work processes, already show higher sick leave rates for workers compared to semiconductor assembly plants. In light of governmental policy to encourage the setting up of wafer fabrication plants with the full range of work processes, it is therefore important that further investigation be conducted on the reasons for these higher rates. This study was limited in that it did not have access to clinic or company records on sick leave, nor was it designed to collect qualitative data from interviews or focus group discussions. Further research should explore these other data sources, as well as investigate workplace exposures through industrial hygiene measurements.
Enforcement agencies will need to ensure the stringent implementation of recent occupational health and safety legislation, such as requiring all factories using chemicals to undertake the chemical health risk assessment that is provided for under the Occupational Safety and Health (Use and Standards of Exposure of Chemical Hazardous to Health) Regulation (2000) . Under these regulations, health surveillance, including annual medical examinations and biological monitoring, is required for workers who use chemicals that pose significant risks. Occupational health physicians are also required to inform the Department of Safety and Health of the medical surveillance that they conduct annually. A system of collecting routine information on illness will be the first step towards a simultaneous policy of encouraging the setting up of adequate occupational health and safety measures.
